Objectives This study assessed students' awareness of radiation exposures and determined the impact a curriculum in clinical radiology (CICR) had on awareness. Methods Six hundred seventy medical students at one medical school were studied. CICR was delivered in yearly modules over the 5-year programme. Five hundred twentythree students (years 1-5), exposed to increasing numbers of CICR modules and 147 students beginning medical school (year 0), represented the study and control groups, respectively. Students completed a multiple choice questionnaire assessing radiation knowledge and radiology teaching. Results Most students in the study population received CICR but 87% considered they had not received radiation protection instruction. The percentage of correctly answered questions was significantly higher in the study population than the control group (59.7% versus 38%, p<0.001). Students who received CICR achieved higher scores than those who did not (61.3% compared with 42.8%, p<0.001). Increasing exposure to CICR with each year of medical education was associated with improved performance. Conclusions Assessment of students' awareness of radiation exposures in diagnostic imaging demonstrates improved performance with increasing years in medical school and/or increasing exposure to CICR. Findings support the Euroatom 97 directive position, advocating implementation of radiation protection instruction into the undergraduate medical curriculum.
Introduction
In recent years, studies have documented increasing patient radiation exposures, which can be attributed to increased utilisation of diagnostic imaging studies, particularly computed tomography (CT). For example, a retrospective study of radiation doses in a cohort of patients with Crohn's disease conducted over a 15-year period demonstrated that increasing numbers of CT exams were performed with average cumulative effective doses rising from 7.9 to 25 mSv when the first 5 years of the study period were compared with the final 5 years [1] . Eighty-five percent of the radiation dose during the final 5-year period was attributable to CT. Almost 16% of patients received cumulative effective doses greater than 75 mSv, and such levels of radiation exposure have been reported to be associated with a 7.3% increase in mortality from cancer [2] . In a separate study, CT has been shown to account for merely 6% of diagnostic procedures, yet represented 47% of the entire radiation dose received by patients [3] . Furthermore, the number of referrals for paediatric CT studies has increased exponentially, raising substantial concerns regarding cancer risk in this highly radiosensitive population [4] . Not surprisingly, concerns are growing over the risks associated with these high levels of exposure, particularly the potential increased lifetime risk of cancer [5] .
This issue has been addressed by the European Council Eurotom directive of 1997, which made a number of recommendations. Among the recommendations were that radiation protection should be integrated into the curriculum of medical schools [6] . Concerns about radiation exposure have also precipitated the formation of Image Gently, a campaign in the US aimed at increasing public awareness of radiation exposure in children [7, 8] . Accordingly, it is imperative that medical professionals are aware of the radiation exposures associated with diagnostic imaging investigations including CT.
Over the past decade many studies have investigated physicians from varying specialties and backgrounds on their knowledge of radiation dose and associated risks, and most studies have demonstrating disappointing results [9] [10] [11] . Most physicians significantly underestimated doses associated with various imaging modalities. Although studies of medical students' knowledge of radiology have been conducted and reported, the specific area of awareness among medical students of relative radiation doses associated with different diagnostic imaging investigations and assumed cancer risk has yet to be thoroughly investigated [12, 13] .
This study aimed to assess students' awareness of relative radiation exposures associated with common diagnostic imaging procedures and to determine the impact of a curriculum in clinical radiology (CICR) in the undergraduate medical programme on such awareness.
Materials and methods
Following institutional review board approval, a multiple choice questionnaire was distributed to the study population comprising 1st to 5th year medical students (n=523) at the completion of the academic year (April 2008), and to a control group, Year 0 [1st year medical students (n=147) on their first week at medical school (September 2008)] during orientation and prior to receiving CICR (Appendix). Year 0, comprised two different groups: students admitted directly from high school who had yet to receive any teaching in radiology or radiation protection in a post-graduate setting and who would go on to complete a 5-year undergraduate medical programme, and Graduate Entry Medical (GEM) students (students who had completed a university degree and had achieved at least 2nd honours grade). This was the first year of the GEM programme at our medical school. The anonymous questionnaire followed a multiple choice format divided into two sections: section 1 included student demographics and a self-assessment of knowledge of radiology compared with other medical subjects, as well as previous exposure to instruction and lectures/teaching in radiology. The second section (section 2) assessed awareness and general knowledge of radiation exposures associated with diagnostic imaging studies [14, 15] . Correct answers were awarded one mark, whereas an incorrect answer or omission received a mark of 0. Results were stratified according to gender difference, previous exposure to instruction or lectures/teaching in diagnostic radiology, teaching in radiation protection and perceived knowledge of radiology.
Statistical analyses were performed using SPSS version 15.0 (2006, Chicago, IL). Histograms and the Shapiro-Wilk tests of normality were used to assess normal distribution of means. Chi-square tests of independence were used to analyse individual questions. Data were initially analysed using Student's t-tests, followed by Mann-Whitney U tests and Kruskall-Wallis tests. Statistical significance was defined at a p-value of less than 0.05.
Results
The target population (Years 1-5 April 2008 and Year 0 September 2008) included 744 medical students. Of this group, 670 medical students completed the questionnaire (Appendix), giving a response rate of 90%. Four hundred and two students were female and 268 were male, resulting in a 60%:40% female:male ratio. Eighty-two percent of the study population compared with 4.1% of controls had been exposed to lectures or teaching in diagnostic radiology prior to completing the questionnaire. Despite this, 87% of the study population and 89% of controls considered that they had never been exposed to lectures or teaching focussed on radiation protection.
The study population performed much better than the control group with mean scores of 60% and 38%, respectively (p<0.001). Mean scores improved with the number of years completed successfully in medical school with each successive class outperforming the year below (e.g. Year 4 did better than Year 3, p<0.001) ( Table 1 ). The greatest difference in mean scores was between 4th and 5th years (65% versus 81% respectively, p<0.001). In addition, it was observed that students who received teaching in diagnostic radiology and radiation protection performed better than their counterparts who did not (p<0.001) ( Table 2 ). Graduate entry medical students tended to be more knowledgeable than their undergraduate colleagues (Tables 1 and 3) .
Almost 50% of the control group thought the radiation dose of a chest radiograph was greater than 1 week of natural background radiation and 40% chose didn't know as the answer. Of the study population, 57% overestimated the amount of radiation in a chest radiograph, with 17.5% choosing the option that the radiation exposure would be equivalent to a dose greater than 1 year of background radiation. Thirty-seven percent of students in the study population correctly answered that an abdominal radiograph involved higher radiation exposure than a chest radiograph compared with only 16% of controls (p<0.001).
Students in the study group had a moderate understanding of issues surrounding radiation dose associated with CT. Sixty-seven percent of the study population and only 39% of controls knew that CT involved the use of x-rays (Table 3) . Almost 60% of 5th year students knew that an abdominal CT was equivalent to 300-1,000 chest radiographs, substantially higher than the average of 20% among the study group as a whole. Students who received teaching in radiology chose the correct option significantly more often than those who had not (26.5% compared with 6.6%, respectively, p<0.001). Almost one-third of the study population answered correctly that CT accounted for the majority of the medical radiation exposure received by the population compared with only 8% of the control group (p<0.001).
The assessment of students' knowledge of principles of MRI and ultrasound yielded disappointing results with 3.6% of the study population and 8.2% of the controls answering that ultrasonography exposed patients to ionising radiation (Table 3) . Similarly, 14% of the study population and 30% of the control group answered that MRI used xrays (Table 3) . It was somewhat re-assuring that only 2% of the most experienced students (year 5) answered that MRI involved the use of x-rays; however, 27% of 4th years (penultimate year in medical school) thought MRI resulted in the highest radiation exposure when asked to choose between plain film radiography of the abdomen, ultrasound, conventional radiography and MRI. Consequently, students who did not recognise that a plain radiograph of the abdomen was associated with the greatest radiation dose among the four options were significantly less likely to know that MRI is not currently believed to be associated with increased cancer risk (p<0.001) (Fig. 1 ). There was a difference between female and male medical students regarding perception of MRI and ionising radiation with significantly more females than males thinking that MRI used x-rays (20% compared with 11%, p=0.009).
Regarding cancer risks, 70% of the study population were aware that CT potentially increased the lifetime cancer risk compared with only 34% of controls (p<0.001) ( Fig. 1 and Table 4 ). Just over 80% of the study group, compared with 61% of controls, correctly answered that children were more sensitive to the effects of ionising radiation than adolescents, adults or the elderly. Ninety-six percent of 5th years responded correctly. Fifty-one percent of the study group and 42% of controls answered correctly that the kidney was less sensitive to radiation than the thyroid, breast or gonads (p=0.057). The relatively high radiosensitivity of breast tissue was not appreciated by 26% and 29% of students in years 4 and 5, respectively.
In general, students did not appear to understand the mechanism of image generation in MRI, with 23% of the study population thinking that MRI increased lifetime risk of cancer compared with 31.8% of controls (p<0.001) (Fig. 1) . Of the study population, 76% correctly answered that there was no increased risk of cancer associated with ultrasound, but only 52% of the control group thought so (p<0.001). No students in year 5 thought ultrasound increased the risk of cancer. Students in both groups who had received teaching/instruction in diagnostic radiology were less likely to associate ultrasound and MRI with an increased cancer risk compared with those who had not received teaching (p<0.001) ( 
Discussion
The European Council issued the Eurotom directive issued in 1997 in an effort to address radiation protection awareness [6] . This directive states that radiation exposure for medical purposes should yield a net benefit to the patient and society. The use of alternative imaging techniques using less radiation or avoiding radiation altogether should be considered when clinical decisions are being made. Medical students represent future medical practitioners, and according to the directive unless they are taught which imaging methods use radiation and the approximate quantity of radiation involved they will be unable to make appropriate informed clinical decisions. This study demonstrates many important shortcomings in medical students' knowledge regarding important aspects of radiation protection that should be considered when developing the undergraduate medical curriculum to meet challenges of the future.
Student's on entry to medical school (year 0) were used as controls as they had yet to receive any teaching in radiology or radiation protection in a post-graduate setting. Graduate entry medical students (year 0) tended to be more knowledgeable than their undergraduate colleagues, probably due to their previous undergraduate studies, age and life experience, but this difference was not statistically significant. Although all students (years 1-5) were exposed to a 5-year undergraduate integrated curriculum that included instruction in clinical radiology, their understanding and knowledge of the basic concepts central to radiation protection left much room for improvement. This may be partially explained by the lack of a dedicated radiation protection module in the 5-year CICR syllabus.
In spite of the absence of a formal radiation protection module, it was reassuring to note that students' knowledge of radiation protection issues improved year on year, with those in the study population (years 1-5) performing significantly better than students in the control group (year 0). In addition, students who received radiology teaching (87%) performed Table 3 Percentage of students in each year associating ionising radiation with various modalities. The figures in parentheses represent the student numbers. Students were most knowledgeable about plain film radiography. Imaging studies encountered less frequently by students such as mammography and barium studies were less well understood. Fig. 1 Student knowledge of the association between certain imaging modalities and an increased cancer risk. As observed previously, the more senior the student, the more likely he/she was to be correct. For example, 5th years were more likely to know that ultrasound and MRI were not associated with an increase in cancer risk compared with 4th years. A greater number of 5th year students also knew that CT was associated with an increased risk of cancer compared with 4th years. significantly better those who had not. Undoubtedly, this was due to the many references to radiation protection issues in the CICR and "learning by osmosis" effect. The most significant improvement in performance was apparent between years 4 and 5. The superior performance of 5th year students undoubtedly reflected the contribution of the intensive clinical radiology teaching delivered to final-year medical students by clinical radiologists in preparation for their final exams. This teaching involved small group tutorials, case review sessions and formal lectures. Each student at our university is examined in interpretation of diagnostic imaging studies as part of the clinical component of the final medical examination. This likely positively impacts students' attendance for radiology teaching and the amount of time dedicated to radiology prior to final medical examination. The fact that only two-thirds of the study population knew that CT used ionising radiation reflects an important gap in students' knowledge. The number of students that correctly quantified the approximate radiation dose of a CT was disappointing, with only 60% of 5th years knowing the correct answer. In designing the questionnaire, we chose not to interrogate students regarding the dose of diagnostic imaging studies in millisieverts. Instead, we focussed on radiation exposures relative to that of a postero-anterior chest radiograph, i.e. the dose of an abdominal CT was expressed in terms of an equivalent number of chest radiographs. In our opinion, quantifying CT doses in terms of an equivalent number of chest radiographs is a tangible method of quantifying the high radiation doses involved in CT imaging, and knowing relative values should be a prerequisite for medical students and referring physicians alike. The most poorly answered question concerned the radiation dose imparted by a chest radiograph. Less than 10% of students in both groups chose the correct answer (less than 1 week). It is hoped that greater awareness of these relative doses by the introduction of dedicated instruction in radiation protection may help minimise in the increasing number of unwarranted CT referrals in favour of lower dose modalities or imaging modalities such as ultrasound and MRI.
Much of the evidence regarding CT and cancer risk has been extrapolated from the nuclear fallout following the bombing of Hiroshima and Nagaski during World War II, and from longterm low-dose exposure to ionising radiation among nuclear radiation workers [2, 16] . A lifetime cancer risk of 1 in 2,000 following one abdominal CT has generally been accepted for an adult [17] . This figure rises to 1 in 550 for children, due to their younger age and greater increased time for neoplasia to manifest itself [3] . It is reassuring that 70% of medical students in the study population were aware of the potential association between CT and an increased lifetime risk of cancer. In contrast, a recent study showed that 9% of emergency doctors and 47% of radiologists surveyed believed CT increased cancer risk [18] . Similar findings in a study published from Northern Ireland revealed that only 19% of doctors were aware of the association between medical radiation and increased cancer risk [19] .
A disproportionate number of students in the study population incorrectly believed that MRI used ionising radiation. Furthermore, a quarter of students in the study population associated MRI with an increased risk of cancer. For the two questions above regarding MRI, females performed worse than males. The discrepancy in performance between males and females in correctly answering the questions regarding MRI was most notable among the control group. Interestingly, a recent study that investigated physicians' knowledge found similar differences between males and females with 39% of female and 19% of male doctors incorrectly responding that MRI used ionising radiation [20] . This is contrary to what one would expect given that MRI and ultrasound are preferentially performed during pregnancy in order to limit radiation exposure to the foetus [21] .
This study demonstrated an incremental increase in students' knowledge of radiation protection with each year of medical teaching. Knowledge levels were highest among 5th year students, just prior to graduation and taking up positions as hospital interns. An important component of interns daily workload would be the ordering and organisation of diagnostic imaging studies under the supervision of senior attending physicians [22] . This highlights the importance of radiation protection instruction to medical undergraduates. While the majority of students were exposed to instruction in clinical radiology, over 80% of medical students considered that they had no teaching in radiation protection, and this deficiency in the curriculum was associated with poorer performance in the questionnaire. Exposure to formal teaching in clinical radiology, however, was associated with better performance in the questionnaire. Although only one university medical school was examined, the results of this study are still instructive to radiology educators. This study helps demonstrate that students acquire knowledge about radiation protection through teaching of clinical radiology. However, we now believe that some dedicated instruction in radiation protection, in the form of a focussed module, is required to ensure that the objectives of the Eurotom 97 directive are achieved and the clinicians of tomorrow are informed to the best of their ability, appropriate to their level of responsibility. The average student in this study scored reasonably well, which contrasts with previous studies, which have found many deficiencies in practicing physicians' knowledge [6] [7] [8] 19 ]. This was probably because different standards of knowledge were required of doctors, and the questions asked of them were presented differently. The current study was designed with undergraduate students in mind, using closed ended questions. Previous studies have examined medical practitioners using open-ended questions requiring quantification of cancer risks and exact radiation doses of multiple imaging studies. Although it would be unfair to expect medical students to quantify exact doses, it is not unreasonable to expect them to know the forms of imaging that use radiation and the hierarchy of radiation exposure. Overall, the disappointing findings regarding student knowledge of many of the basic principles of radiation protection were interpreted as being due to a lack of formal focussed teaching/instruction in radiation protection.
In conclusion, this study demonstrates improved performance at multiple choice questionnaire designed to assess students' awareness of radiation exposures associated with diagnostic imaging investigations with increasing years spent in medical school and/or increasing exposure to instruction in clinical radiology. The findings likely support the Eurotom 97 directive stating that medical schools should implement radiation protection instruction as part of the undergraduate medical curriculum.
Appendix
Multiple choice questionnaire completed by each student. Students were asked about their background and education in radiology and radiation protection. Students' radiation knowledge was subsequently assessed. (Score each option using the following: 1=definitely yes, 2=probably yes, 3= probably no, 4=definitely no, 5=don't know) a) MRI b) Chest x-ray c) Ultrasound d) CT
Multiple Choice Questionnaire

